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ABSTRACT 
Rabbit ant iserum against purified tyrosinase from melanosomes of Harding-Passey 
mouse melanoma was obta ined . This an tiserum cross-reacted complete ly with t he tyro-
sinase solubili zed from B-16 mouse melanoma melanosomes . C57BL mouse hair fo lli cle 
tyrosinase is also completely inactivated with this antiserum but mushroom tyrosinase is 
not. By the Ouchterlony technique, Harding-Passey tyrosinase and B-16 tyrosinase give a 
s ingle precipitin line with this an t iserum. T hese precipitin lines sta ined dark brown a fter 
in cubation with L-dopa. 
Tyrosinase, which is responsible for the forma-
tion of melanin from phenols, occurs in a wide 
spectrum of species both in the animal and plant 
kingdom . However, physico-chemical properties 
of ~yrosinase from d ifferent sources are reported 
to differ in t hat they show a wide variety of mo-
lecular we ights and copper content per mole (1) . 
Futhermore, mushroom tyrosinase is not part icle 
bound , while tyrosinase fro m mammalian sources 
is (2) . 
Recently, purification of mouse melanoma tyro-
sinase was reported by Miyazaki and Seiji (3), but 
no atte mpt has hi therto been made to prepa re 
ant ibody agai nst purified tyrosinase from mam-
malian sources. 
The present paper describes the preparation of 
anti serum aga inst ty ros inase from Harding-
Passey mouse melanoma and the cross-reactions 
of thi s ant ise rum with tyros inase from B-16 
mouse melanoma, C57BL mouse hai r fo llicles and 
mushrooms. 
MATERIALS AND METHODS 
About 1,500 g of Ha rding-Passey mouse melanoma, 
seria lly t ransplanted in to some 1,000 Swiss st rain mice, 
were used as the source of tyros inase and prepared by 
the method of Miyazaki and Seiji (3). 
T he activity of ty rosinse was measured · colorimetri-
ca lly (4) using 1 mg of L-dopa as a substrate in 0.1 M 
potassium phosphate buffer, pH 6.8, in a tota l volume of 
5.0 ml at 37° C. T he optical density was determined 
with a Klett-Summerson photoelectric colorimeter at 
420 ml' and the enzy mic act ivi ty was ex pressed as 
t.E/10 min (un it). 
Two male, white rabbits, 3-months old and weighing 
2- 3 kg, were injected with 0.5 ml (activ ity : 175,000 
un its, 1.9 mg protein) of Harding-Passey tyrosinase plus 
t he same volu me of Freund's compl ete adjuvant in t ra -
muscularly. Two more injections were given at two-week 
intervals. Two weeks afte r the last injection the animals 
were given 0.5 ml of Harding-Passey ty rosinase in sa-
line, and 10 days later the rabbits were bled from the 
marginal ear ve ins. In the course of im munization , each 
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rabbit received a total of 350,000 uni ts (3.8 mg protein) 
of ty rosinase . 
Tyrosinase from B-16 mouse melanoma was also puri-
fi ed by the same method (3) . 
For the preparation of hair follicle tyrosinase, a b out 
100 C57BL mice, 8-weeks-old, were used . Two weeks 
afte r plucking hair from the dorsal area, the body skin 
was peeled off. The subcutaneous fat t issue was dis-
sected from the inner surface of the skin, a nd the ex-
posed ha ir bulbs were scra ped off. The hair bulbs, thus 
obta in ed , were homogeni zed in 0.25 M suc rose in 
Potter-Elvehjem all-glass homogeni zer instead of Teflon 
homogenizer which was used in the cases of B-16 and 
Ha rding-Passey mouse melanoma. The large granule 
fract ion was prepared from this homogenate. W it hout 
further purification for pure melanosomes the large 
granule fraction was digested with t ryps in . T he fol -
lowing purification procedure was the same as described 
(3). 
Grade II mushroom ty rosinase was obtained frolll 
S igma Chem ical Co mpany, St. Louis, Missouri , U.S.A. 
The solut ion of Harding-Passey tyrosinase and that of 
B-16 were in cubated separate ly with va rious amounts of 
rabbit ant i-Harding-Passey tyrosinase serum at 37 ° 
for 60 min, and left for severa l hours at 4° C. Then the 
mixtures were centrifuged at 2, 000 x g for 10 minute 
and the tyrosinase activity of the supernatant wa ' 
measured. The protein in the precipitate was deter-
mined by the method of Lowry et al (5). 
Immunodiffus ion a na lys is was performed by the 
method of Ouchterlony (6). 
RESU LTS 
Results of the experiments using Harding-
Passey tyrosinase preparations wi th increasing 
amoun ts of ant iserum a re shown graphically in 
Figure 1. Small amounts of antiserum could not 
inhibi t the en zyme act ivity. When increasing 
amounts of antiserum were added, tyrosinase ac-
t ivity in the supernatant decreased progressively 
with an increasing amount of antise rum-enzyme 
precipi tate. In the control experiment, in which 
nonsensitized rabbit serum was added, no signifi-
cant inhibition was observed. The other control, 
in which sa line was added, instead of serum, 
showed increased activity . 
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The results of t he cross-reaction between B -16 
tyros inase and antise rum prepared against 
Harding-Passey tyrosinase are shown in Figure 2. 
An increase in the amount of rabbit an tiserum 
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F IG. 1. Inact ivat ion of the ty rosinase from Harding-
Passey mouse melanoma and amount of protein precipi-
ta t e d by addition of increasing volume of the antiserum 
p repared aga inst Harding-Passeytyrosinase. Each reac-
tion mi xture conta med 100 JLI of Hardmg-Passey tyro-
sinase (act ivi ty: 96 uni ts, 1.0 Jlg protein) and increasing 
volume of a 1:200 dilut ion of ant i-Harding-Passey tyro-
sin ase rabbi t seru m plus similarly diluted nonimmun-
ized rabbit serum in a total volume of 1,000 JLI. Protein 
con centration of the serum, both ant iserum and non im-
m uni zed control serum , is 70 mg/ml. -- - 0 - --: 
H a rding-Passey tyros inase ac tivity. - - - x -- - : Amount 
of p rotein prec ipi tated. 
resulted in a progressive increase in both the 
a m o unt of prec ipitate a nd t he degree of inhi b it ion 
of B-16 tyrosinase. The minimum a mount of the 
a n .tiserum needed to inhibit the tota l enzyme ac-
t iv i ty was a lmost th e same as in the case of 
H a rding-Passey tyrosinase. 
No s ignifican t d ecrease in activity was ob-
ser v ed when the mix t ure, containing enough ant i-
serum to precipi tate the t ota l enzyme activi ty, 
w a s not cen trifuged after incubation . 
E n zy me-an t iserum precipi tate could be solubi -
lized wit h 0.1% deoxychola te a nd 80% to 90% ty-
rosinase activity was recovered whether the prep-
aration was Harding-Passey or B-16 tyros inase. 
B y the Ouchterlony technique, Harding-Passey 
tyr os inase and B-16 tyros inase gave a s ingle pre-
c ipitin line wi t h ra bbi t a n t ise rum aga inst 
H a rding-Passey ty rosinase. The precipi t in line of 
t h e two enzy mes fused with each other a nd 
sh o wed complete iden t ity. After incubat ion with 
1 m g/ml of L -dopa, these precipi t in lines in the 
agar plate sta ined dark brown (Fig. 3). 
E xperimen tal resul ts shown in Figures 1 a nd 2, 
a n d t hose us ing the Ouchterlony technique indi -
cate t he an t ige ni c iden t ity between Harding-
Passey tyros inase and B-16 tyros inase. 
C57BL mouse ha ir follicle tyros inase was inac-
tivated wi t h a n t i Ha rding-P assey ty ros inase 
serum . 
T h e ant iserum against Hardin g-Passey tyro-
sinase showed no inhibitory act ion on mushroom 
tyrosinase as shown in the T able and no prec ip -
itin line was det ected between mushroom tyro-
sinase and this ant iserum in agar double diffus ion 
experiment. 
DISCUSSIO N 
T yros inase is widespread both in a nima ls and 
plan ts, but t heir cha racte ristics vary in ma ny re-
spects. We are in terested in the comparative bio-
chemical as pects of tyros inase in vertebrates, es-
pecially in ma mmals. 
Hardin g-Passey a nd B-16 are di ffere nt types of 
mouse melanoma (7). T he color intensity of these 
two mela nomas is di ffe rent, etc. It has not been 
cla rified whether these tyrosinases, originating 
from these two ty pes of mela noma, have any 
ph ys ico-che mical di ffere n ces. In t he presen t 
paper us ing immunochemical techn iques, the fo l-
lowing have been observed : (a) t he minimum 
a moun ts of a nt iserum to inactivate these tyrosi -
nases a re a lmost the sa me (b) the resul t ing pre-
c ipi tates a re a lso t he same (Figs. 1 a nd 2) (c) 
these tyros inases give a s ingle prec ipitin line wit h 
the an t iserum prepared against Ha rding-Passey 
tyros inase in agar double d iffus ion. T he lines due 
to Hardin g-Passey tyros inase and B-16 tyrosi nase 
fused com pletely (Fig. 3). T hese resul ts show 
clearly that these t wo tyrosinases are a lmost iden-
t ical in a nt igeni c reactivity. 
B -16 mouse mela noma ori ginated pon ta-
neo usly from t he C57BL mouse. As expected, ty-
ros inase from C57BL mouse ha ir fo lli cle showed 
co mpl ete cross -react ion wit h the an t ise ru m 
against H a rding-Passey tyros inase. T here is a 
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FIG. 2. Inact ivat ion of the tyros inase from B-16 
mouse melanoma and amount of protein precipitated by 
addi tion of increasing volu me of the ant iserum prepared 
against Harding-Passey tyros inase. Each reaction mix-
ture conta ined 100 pi of B-16 tyrosinase (Activity : 99 
uni ts, 1.1 pg protein) and increasing volume of a 1:200 
dilu t ion of anti-Harding-Passey tyrosinase rabb it seru m 
plus similarly dilu ted nonim mu nized rabb it. serum in a 
total volume of 1,000 pl. Protein concentration of the 
serum , both antiseru m and noni mmu nized contro l 
serum, is 70 mg/ ml. ---0 ---: B-16 tyrosinase ac- · 
t ivity. - - -x-- - : Amount of protein precipitated. 
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FIG. 3. A: Agar gel double diffusion. Well 1 and 3 
contained antiserum against Hard ing-Passey tyros inase. 
Well 2 conta ined Harding-Passey tyrosinase (Activity: 
125 un its) and well 4 conta ined B-16 tyrosinase (Ac-
tivity: 128 uni ts). Wells of Micro-Ouchterlony plate 
each rece ived 5 Ill. B: The same plate sta ined for tyro-
sinase activ ity. The plate was incubated in 0.1 M phos-
phate buffer (pH 6.8), containing 0.1% L-dopa for 10 
min at room temperature. The precipitine lines were 
stained dark brown. 
trivial difference between ha ir fo lli cle tyrosinase 
and melanoma tyros inases . The spec ific activ it ies 
of these are differen t (see Table). This is presum-
ably due to the fact that the former is isolated 
from large granule fraction , while the latter was 
iso lated from t he melanosome fract ion , as cited 
above. Our ha ir fo llicle tyrosinase preparation, 
therefore, might be contami nated with extraneous 
protein. It should be pointed out, howeve r, that 
the minimum amounts of antise rum needed to 
inhibit each ty ros inase are a lmost t he sa me. 
T hese three enzymes of closely related spec ies, 
whether pathological or normal material, seem to 
be nearly identical in physico-chem ical structure. 
Recently Herrman 's paper (8) supports this idea. 
His work was done with a crud e extract of tyro-
s inase from human malignant melanoma. 
On the other hand, it is well known t hat there 
are many physico-chem ical differences between 
mushroom tyrosinase and mammalian tyrosinase 
(1, 2). These include sedimentation constants, 
molecular weight, co pper con tent per mole, sub-
TABLE 
Cross-reaction of B-16 tyrosinase, C57BL mouse hair 
follicle tyrosinase and mushroom tyrosinase with anti 
Harding-Passey tyrosinase rabbit serum 
Each reaction mixture conta ined 100 Ill of tyros inase 
and ant i Harding-Passey tyrosinase rabbit serum, 1: 
200 dilu ted with sa line, simi larly diluted nonimmun-
ized rabbit serum, or sa line, in a total volume of 700 JLI. 
After incubation fo r one hour, each reaction mixture 
was left for several hours at 4 o C, then centrifuged at 
2000 x g for 10 min . The tyrosinase activity of each su-
pernatant was measured. 
The activity and micrograms of protein in the 100 JLl 
of each tyrosinase used here are as fo llows: Harding. 
Passey tyrosinase: 96 uni ts, 1.0 lig protein. B-16 tyro-
sinase: 99 units, 1.1 llg protein. C57BL mouse hair fo l -
licle ty rosinase : 100 units , 37 .3 llg protein . Mushroom 
tyros inase: 100 units, 27 .2 llg protein. 
Ty rosinase act ivity (unit s) 
Anti 
Hnrding:- Control Pnsscy 
rubbit. Su line tyros inase 
rubbit serum 
serum 
-Harding-Passey tyros inase 0 96 86 
B-16 tyros inase 0 99 97 
C57BL mouse hair follicle 0 98 107 
tyrosinase 
mushroom tyrosinase 107 106 94 
strate specifi city, etc. Because of these differ. 
en ces, it was anticipated that t he a n t ise ru m 
against Harding-Passey tyrosinase wou ld n ot 
work on the mushroom tyrosinase. Th is is sup. 
ported by our results whi ch showed the failure of 
mushroom tyrosinase to react with the antiserum 
aga inst Hardin g-Passey tyrosinase and the ab. 
sence of a precipitin line between them in agar 
double diffusion experiments. 
Another finding of interest is that, wi thout cen. 
t rifugat ion , t h e tyrosinase-antise rum co mpl ex 
sti ll reta ins its enzymic activi ty. This resul t su g. 
gests that the active s ite of mammalian tyro-
s inase is not affected by the immunochemical 
reaction, so the an tigenic s ite and the enzyme 
active site are presumab ly located on diffe rent 
parts of the molecu le. This is a lso confirmed with 
DOPA positive sta ining of precipitin lines on 
double diffusion agar gel plates (Fig. 3). This an ti-
serum, therefore, appears to be available for t h e 
histochemical and clinicopathological studies. 
We are grateful to Dr. M. Seiji fo r his valuable ad-
vice, to Dr. E. Ohnishi for a critical reading of the 
manuscript, and to Dr. M. Yamada for his encourage-
ment . 
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